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[57] ABSTRACT

Apparatus for controlling the composition of a laser gas
or gas mixture inciudes a cryogenic gas-processor (2)
connectible to a gas laser (1) selectively to receive gas
or a gas mixture therefrom, remove impurities from the
gas or gas mixture and selectively return the purified
gas or gas mixture to the laser (1). A high temperature
gas-purifier (3) is provided in gas flow connection with
the processor (2) and with the laser (1) selectively to
receive gas or a gas mixture therefrom, remove halogen
and/or impurities from the gas or gas mixture and selec-
tively return the dehalogenated or purified gas or gas
mixture to the laser (1). Gas analysis means (4) is pro-
vided for receiving gas or gas mixture from the laser (1)
to analyze it and produce output signals indicative of
the actual composition of the laser gas or gas mixture.
The output signals are passed to control means (6) oper-
ative to compare the actual composition values with
desired composition values and operate the processor
(2) and/or purifier (3) and/or a clean gas or gas mixture
source (5) selectively connectible to the laser (1) to
control the laser gas or gas mixture composition.

11 Claims, 2 Drawing Sheets
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APPARATUS FOR CONTROLLING THE
COMPOSITION OF A LASER GAS OR GAS
MIXTURE

FIELD OF THE INVENTION

This invention relates to an apparatus for controlling
the composition of a laser gas or gas mixture, and is
concerned particularly, but not exclusively, with such
an apparatus for use with an excimer laser.

BACKGROUND OF THE INVENTION

To ensure optimal output from an excimer gas laser it
is necessary to maintain a fixed laser gas or gas mixture
composition. Variation of the laser gas or gas mixture
composition can occur due to the impurities set up ei-
ther by the laser operation or by pick-up from compo-
nents used in the laser, such as plastics. It has been
proposed to use a cryogenic trap to remove some impu-
rities by liquifaction, but this technique has the draw-
back that it does not allow the removal of all possible
impurities.

An excimer laser gas mixture typically comprises one
or more rare gases such as Helium, Neon, Xenon and
Krypton and a halogen containing molecule such as
Fluorine or Hydrogen Chloride. A further technique
has been proposed for impurity removal by subjecting
the laser gas or gas mixture to 2 high temperature reac-
tion to remove impurities and the halogen. Whilst both
the foregoing proposed techniques are successful to
some extent in removing impurities from a laser gas or
gas mixture, they are not suitable individually for main-
taining a control of the composition of a laser gas or gas
mixture to within specified limits.

OBJECTS OF THE INVENTION

Thus one object of the present invention is to provide
a generally improved apparatus for controlling the
composition of a laser gas or gas mixture.

This and other objects and advantages of the present
invention will become more apparent from details dis-
closed in the following specification, where preferred
embodiments of the invention are described.

SUMMARY OF THE INVENTION

According to a first embodiment of the present inven-
tion, there is provided apparatus for controlling the
composition of a laser gas or gas mixture, including a
cryogenic gas-processor connectible to and substan-
tially in parallel with a gas laser selectively to receive
gas or a gas mixture therefrom, remove impurities from
the gas or gas mixture and selectively return the puri-
fied gas or gas mixture to the gas laser, a high tempera-
ture gas-purifier in a gas flow connection with the cryo-
genic gas-processor, substantially in parallel therewith,
and connectible to and substantially in parallel with the
gas laser selectively to receive gas or a gas mixture
therefrom, remove halogen and/or impurities from the
gas or gas mixture and selectively return the dehaloge-
nated or purified gas or gas mixture to the gas laser, gas
analysis means connectible to receive gas or gas mixture
from the gas laser and operative to analyse the gas or
gas mixture and produce output signals indicative of the
actual composition of the laser gas or gas mixture, a
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source of clean laser gas or of individual components of 65

a laser gas mixture connectible selectively to feed clean
gas of selected clean gas mixture components to the gas
laser, and control means operative to receive said out-
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put signals from the gas analysis means indicative of the
actual composition of the laser gas or gas mixture, com-
pare the actual composition values with desired compo-
sition values, and operate the cryogenic gas-processor
and/or high temperature gas-purifier and/or clean gas
or gas mixture source to control the laser gas or gas
mixture composition.

Preferably the control means includes a computer.

Advantageously the apparatus is connectible to an
excimer gas laser.

Conveniently the apparatus is connectible to an ex-
cimer gas laser containing a gas or gas mixture includ-
ing one or more rare gases such as Helium, Neon, Xe-
non, Krypton or Argon and a halogen containing mole-
cule such as one or more of Fluorine or hydrogen Chlo-
ride.

Preferably the apparatus is connectible to an excimer
gas laser containing as impurities, in the gas or gas mix-
ture, one or more of CO3, Cly, CO, CCly, SiF4, HF, NO,
NO;, N-»Qs, H>0, NHi, N; O; H; CF;0, OF;,
ChiCL, CH4 and CH3F.

Advantageously said cryogenic gas-processor 1s op-
erable to remove, via liquifaction, one or more of said
impurities.

Conveniently the apparatus includes first and second
openable and closable gas flow valves respectively on
input and output sides of the cryogenic gas-processor
operable selectively to control gas flow between the gas
laser and the cryogenic gas-processor.

Preferably the high temperature gas-purifier includes
a high temperature getter operable to remove, via hot
metallic means, halogen and/or impurities from the gas
OT gas mixture.

Advantageously the apparatus includes third and
fourth openable and closable gas flow valves respec-
tively on input and output sides of the high temperature
gas-purifier operable selectively to control gas flow
between the gas laser and the high temperature gas-
purifier.

Conveniently the apparatus includes a gas compres-
sor in valved gas flow connection with the output side
of the cryogenic gas-processor and high temperature
gas-purifier, and gas storage means in valved connec-
tion with the output side of the cryogenic gas-processor
and in gas flow connection with the gas compressor,
with the gas processor and gas storage means being
operable, via the control means, to recetve and store gas
or gas mixture from the gas laser to facilitate mainte-
nance and/or repair being carried out on the gas laser,
or to receive gases separated from a laser gas mixture by
the cryogenic gas-processor.

Preferably the source of clean gas or of clean individ-
ual components of a laser gas mixture includes mndivid-
ual containers for the or each gas or components, means
for selectively communicating said containers with a
gas flow line connectible to the gas laser and a fifth
openable and closable gas flow valve in said line inter-
mediate the containers and an end of the line connect-
ible to the gas laser.

DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
and to show how the same may be carried into effect,
reference will now be made, by way of example, to the
accompnaying drawings in which:
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FIG. 11s a diagrammatic view of an appartus accord-
ing to a first embodiment of the invention for control-
ling the composition of a laser gas or gas mixture, and

FIG. 2 1s a diagrammatic view of apparatus for con-
trolling the composition of a laser gas or gas mixture
according to a second embodiment of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

Apparatus for controlling the composition of a laser
gas or gas mixture, preferably of an excimer laser gas or
gas mixture, according to a first embodiment of the
invention is shown in FIG. 1 of the accompnaying
drawings. In this embodiment the apparatus is used for
controlling the composition of the laser gas or gas mix-
ture of a laser such as an excimer laser 1. It is to be
understood, however, that the apparatus may also be
used for controlling the composition of a laser gas or
gas mixture of other forms of gas lasers. The apparatus
basically includes a cryogenic gas-processor 2 con-
nected to the gas laser 1 substantially in parallel there-
with, a high temperature gas-purifier 3 in gas flow con-
nection with the cryogenic gas-processor 2, substan-
tially in parallel therewith, and connectible to and sub-
stantially in parallel with the laser 1, gas analysis means
4, a source 3 of clean laser gas or clean individual com-
ponents of a laser gas mixture and control means 6.

The cryogenic gas-processor 2 is in gas flow connec-
tion with the laser 1 via a first line 7 which acts as an
output from the processor 2 and an input to the laser 1
and a second line 8 which acts as an output from the
laser 1 and an input to the processor 2. By means of the
lines 7 and 8 the processor 2 is operable selectively to
receive gas or a gas mixture from the laser 1, remove
impurities from the gas or gas mixture and selectively
return the purified gas or gas mixture to the laser 1.

In the case where the laser 1 is an excimer gas laser

the laser gas or gas mixture includes one or more rare

- gases such as Helium, Neon, Xenon, Krypton and
Argon and a halogen containing molecule such as one
or more of Fluorine or Hydrogen Chloride. Advanta-
geously a suitable excimer laser gas mixture would con-
tain about 99% of one or more of Helium and Neon,
about 0.9% of one or more of Xenon, Krypton and
Argon and about 0.1% of Fluorine and/or hydrogen
Chioride. Thus in such a laser gas mixture the halogen
containing molecule will combine with the Xenon,
Krypton or Argon to form Xenon, Krypton or Argon
Fluonde or Chloride (1.e. XeF, Xe, Cl, Kr¥, KrCl,
ArCl, ArF).

The processor 2 makes use of the fact that different
gases liquify at different temperatures to provide a cryo-
genic trap whereby the impurities may be removed
from the laser gas mixture. Typical impurities are one or
more of CQO,, Cl;, CO, CCl4, CF4, SiF4, HF, NO, NOg,
N-2QO4, H,O, NH;, N3, O, H,;, CF0, OF,;, CH3CL,
CHs4 and CHsF, which may be present as a result of
pick-up from components of the laser 1 or of the appara-
tus in general which may be made of plastics material.
The gas or gas mixture is fed selectively to or from the
processor 2 and to or from the laser 1 via the lines 7 and
8 by means of a first openable and closable gas flow
valve 9 in the line 8 on the input side of the processor 2
and a second openable and closable gas flow valve 10
located in the first gas flow line 7 on the output side of
the processor 2.
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The high temperature gas-purifier 3 is also in gas flow
connection with the processor 2 by means of a third gas
flow line 11 and a fourth gas flow line 12. The purifier
3 is connected to the processor 2 and laser 1, substan-
tially in paralle]l therewith, by means of the line 11
which forms an input to the purifier 3, an output from
the processor 2 and an output from the laser 1 via the
line 8 to which it is connected. The hine 12 connects the
laser 1, processor 2 and purifier 3 by connecting the
output sides of the purifier 3 and the processor 2 to the
input side of the laser 1 via the gas line 7. The purifier 3
is operable selectively to receive gas or a gas mixture
from the laser 1, remove halogen and/or impurities
from the gas or mixture and selectively return the
dehalogenated or purified gas or gas mixture to the laser
1.

To this end to enable the selective operation a third
openable and closable gas flow valve 13 1s located on
the input side of the purifier 3 in the line 11 and a fourth
openable and closable gas flow valve 14 is located on
the output side of the purifier 3 in the line 12. The valves
13 and 14 are operable selectively to control gas flow
between the laser 1 and the high temperature gas puri-
fier 3 so that 13 controls the flow of gas from the laser
1 into the purifier 3 and 14 controls the flow of purified
gas from the purifier 3 back into the laser 1.

The gas purifier 3 includes a high temperature getter
operable to remove, via hot metallic means, halogen
and/or impurities from the gas or gas mixture. The hot
metallic means bay be hot metal which reacts with
halogens and/or impurities to produce salts of a low
vapour pressure. The more volatile of these salts may be
removed by a cool or cold trap. In this way it 1s possible
to remove halogen from the gas or gas mixture if the
halogen content is too high.

The gas analysis means 4 is connected to the laser 1
via a fifth gas flow line 15 which is in gas flow connec-
tion with the line 8 to act as an input to the analysis
means 4 from the laser 1. The gas analysis means 4 1s
operative to analyse the gas or gas mixture received
from the laser 1 and produce output signals 16 indica-
tive of the actual composition of the laser gas or gas
mixture. These signals 16 are passed to the control
means 6 on request from the control means 6.

The source § of clean laser gas or of clean individual
components of a laser gas mixture is connected selec-
tively to feed clean gas or selected clean gas mixture
components to the gas laser 1 via a sixth gas flow line 17
which is connected to the line 12 on the output side of
the valve 14 via a fifth openable and closable gas flow
valve 18. The source 5 can include individual contain-
ers, not shown, for the or each gas or components all of
which are connectable selectively with the gas flow line
17 on demand. In this way the composition of the gas or
gas mixture supplied to the laser 1 can be controllably
varied. |

To ensure that the composition is controlled cor-
rectly as required the control means 6 includes a com-
puter (not shown) and is operative to receive the output
signals 16 from the gas analysis means 4 which are indic-
ative of the actual composition of the laser gas or gas
mixture in the laser 1, compare the actual composition
values with desired composition values heid in the con-
trol means 6 and operate the cryogenic gas-processor 2
and/or high temperature gas-purifier 3 via respective
control lines 19 and 20. Additionally the control means
6 is operable to control the operation of the source § and
valve 18 by control signals 21. In this way the control
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means 6 compares the actual gas or gas mixture compo-
sition values received from the gas analysis means 4
with the desired values and if the halogen content 1s too
high the gas of gas mixture in the laser 1 i1s passed
through the high temperature gas-purifier 3. If the halo- 5
gen content is too low the halogen content 1s replen-
ished via the source § under the control of the control
means 6. If certain impurities are too high then the
control means 6 makes appropriate choice of the pro-
cessor 2 and purifier 3 and passes the gas or gas mixture 10
from the laser 1 thereto, after reference to a stored data
base on vapour pressures. Thus the apparatus of the
embodiment of FIG. 1 allows complete control to be
exercised over the composition of the gas or gas mixture
in the laser 1. 15
The apparatus according to a second embodiment of
the present invention as shown in FIG. 2 is basically the
same as that of FIG. 1 and like components have been
given like reference numerals and will not be further
described in detail. However, the apparatus of FIG. 2 20
also 1ncludes a gas compressor 22 in gas flow connec-
tion via a valve 23 with the gas line 12 on the output side
of the valves 10 and 14 from the processor 2 and purifier
3 respectively. The gas compressor can thus be oper-
ated via selective operation of the valves 10, 14 and 23 25
under the control of the control means 6 to recetve gas
either from the processor 2, purifier 3 or both. Opera-
tion of the compressor 22 is controlled by the control
means 6 via a control line 24. Gas storage means 25 are
also provided in connection with the line 7 on the out- 30
put side of the processor 2 and purifier 3 via a further
selectively operable openable and closable valve 26.
The compressor 22 and gas storage means 25 are in gas
flow connection via a gas flow line 27 in which 15 a
selectively openable and closable valve 27a. The valve 35
27a 1s operable so that the gas storage means 25 can be
sealed off from the compressor 22. The gas storage
means 25 is operable via the valves 26 and 27a under the
control of the control means 6 via a control line 28. The
control line 28 may provide a pressure monitor or line. 40
The gas storage means 25 is operable to receive and
store gas or gas mixture from the gas laser 1 to facilitate
maintenance and/or repairs being carried out on the gas
laser 1 or to receive gases separated from a laser gas
mixture by the cryogenic gas-processor 2. 45
Thus the compressor 22 and gas storage means 23
may be operated by the control means 6 to recover the
gas or gas mixture from the laser 1 when, for example,
it is necessary to open up the laser 1. Alternatively or
additionally once the halogen and impurity contents 50
have been removed from the gas or gas mixture from
the laser 1 by means of the processor 2 and/or purifier
3 it is possible to achieve separation of remaining rare
gases cryogenically in the processor 2. This allows
Xenon, Krypton or Argon to be trapped out from a 55
mixture with Helium and/or Neon if liquid Nitrogen 1s
used as a basis for the cryogenic gas-processor 2. Once
the Xenon, Krypton or Argon has been isolated, it can
be stored elsewhere through cryogenic or mechanical
pumping, or even stored in the container 25. Similarly 60
the Helium and/or Neon can be stored either in the
apparatus or separate therefrom after compression in
- the compressor 22. Thus the embodiment of FIG. 2 not
only allows the same control of the composition to be
performed as in the embodiment of FIG. 1, but it also 65
allows for rare gas separation and storage. The current
high price of rare gases makes such recovery economi-
cally viable.

6

Various modifications and alterations may be made to
the embodiments of the present invention described and
illustrated, within the scope of the present invention as
defined in the following claims.

What 1s claimed is:

1. An apparatus for controlling composition of a
gaseous material for use in a laser, said apparatus com-
prising:

a cryogenic gas-processor including means for con-
necting said cryogenic gas-processor to and sub-
stantially in parallel with a gas laser selectively to
receive said gaseous material therefrom, and to
remove impurities from the gaseous material and
selectively return purified gaseous material to the
gas laser,

a high temperature gas-purifier in gas flow connec-
tion with the cryogenic gas-processor, substantiatly
in parallel therewith, and including means for con-
necting said high temperature gas-purifier to and
substantially in parallel with the gas laser selec-
tively to receive the gaseous material therefrom,
and to remove at least one of halogen and impuri-
ties from the gaseous material and selectively re-
turn the one of dehalogenated and purified gaseous
material to the gas laser,

gas analysis means including means for connecting
said gas analysis means so as to receive the gaseous
material from the gas laser and for analyzing the
gaseous material and produce output signals indica-
tive of an actual composition of the gaseous mate-
rial of the laser,

a source of clean laser gaseous material connected
selectively to feed clean gaseous matenal to the gas
laser, and

contro! means for receiving said output signals from
the gas analysis means indicative of the actual com-
position of the gaseous material of the laser, for
comparing actual composition values with desired
composition values, and for operating at least one
of the cryogenic gas-processor, the high tempera-
ture gas-purifier and the source of clean laser gase-
ous material to control the gaseous material of the
laser.

2. An apparatus according to claim 1, wherein the

control means includes a computer.

3. An apparatus according to claim 2, wherein said
gas laser 1s an excimer laser.

4. An apparatus according to claim 3, wherein said
excimer laser contains 2 gaseous material including at
least one rare gas and a halogen containing molecule.

5. An apparatus according to claim 4, wherein said
gaseous material contains at least one of Helium, Neon,
Xenon, Krypton and Argon and the halogen molecule
is at least one of Flourine and Hydrogen Chlonide.

6. An apparatus according to claim §, wherein the
impurities, in the gaseous material, are at least one of
CO,, Cly, CO, CCls, CF4, SiF4, HF, NO, NO;, N2Oq,
H->0, NH3, Ny, Oy, Hy, CF20, OF,, CH3Cl, CH4 and
CH;F. '

7. An apparatus according to claim 6, wherein said
cryogenic gas-processor removes impurities by liquifi-
cation.

8. An apparatus according to claim 7, further com-
prising first and second openable and closable gas flow
valves, respectively disposed on input and output sides
of the cryogenic gas-processor selectively operable to
control gas flow between the gas laser and the cryo-
genic gas-processor.
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9. An apparatus according to claim 8, wherein the control means for receiving and storing the gaseous
high temperature gas-purifier includes a high tempera- material from the gas laser, and for receiving gases
ture getter for removing, via hot metallic means, at least separated from a laser gas mixture by the cryogenic
one of halogen and impurities from the gaseous mate- |

£as-processor.

11. An apparatus according to claim 10, wherein the
source of clean gaseous maternial for the laser further
comprises individual containers for each gas,

means for selectively communicating said containers

rial. 5

10. An apparatus according to claim 9, further com-
prising a gas compressor connected through a gas valve
with the output side of the cryogenic gas-processor and
high temperature gas-purifier, and

gas storage means connected through a valve with 10 with a gas flow line connected to the gas 135_31': and

the output side of the gas-processor and high tem- a fifth openable and closable gas flow valve disposed
perature gas-purifier and connected so as to allow between the container and an end of a flow passage
gas flow with the gas compressor, with the gas connected to the gas laser.
compressor and gas storage means being run by the * & * * 2
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